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Water, essential for normal plant growth and
development, makes up almost 85 percent of the
fresh weight of growing plants. "Vater also carries
mineral nutrients and gases into the plant roots
from the soil which serves as a reservoir. Under-
standing basic principles of water storage and
movement in the soil helps solve the problem of
supplying crops with adequate water for productive
growth.
Soil Moisture Movement
Soil water is nearly always moving, either as a
liquid or a vapor. Water moves downward through
open pores between soil particles, following rain
or irrigation; upward to the soil surface where it
evaporates; and into plant roots and eventually
through the leaves into the atmosphere through
transpiration. Deep drainage through the root
zone causes water loss and may cause loss of dis-
solved plant nutrients.
Pore size, which affects moisture movement,
varies greatly in different soil types. Clay particles
are very small, making pores in clayey soils much
smaller than those in sandy soils composed of
larger sand particles.
When a soil is nearly saturated, water move-
ment is faster through larger pores in sandy soils
than through smaller pores of silty and clayey soils.
However, large pores contribute little to water
movement when the soil is not saturated. Two
forces, gravity and adhesion, cause water to move
through soil pores. In saturated soil, gravity is
more important. However, saturated soil is a poor
medium for plant growth.
Adhesion, the attraction of soil particles for
water, becomes more important than gravity in
unsaturated soil, the soil condition in which most
plants grow. Adhesion makes water move on par-
ticle surfaces and through finer pores in unsatur-
33.1
ated soil. Water moves more rapidly under un-
saturated conditions in soils with smaller particles.
After rain or irrigation, water moves downward
principally because of gravitational force. Down-
ward movement continues until adhesion equals
the gravitational force. At this point, downward
movement virtually stops, and the soil contains
all the water it can hold against gravity.
Water films on soil particles are uniform
throughout the wetted portion of a homogeneous,
or uniform, soil. Water movement caused by ad-
hesion may occur horizontally, upward or down-
ward from wet soil to dry soil as moisture is
removed by evaporation or by plant roots.
Soil Moisture Terms
Several terms often used to describe soil mois-
ture content and movement follow:
SATURATION is a condition in which all
pore spaces of a soil are filled with water. A soil
will remain saturated only if water is not allowed
to drain, Figure 1a.
FIELD CAPACITY is the amount of water a
soil will hold against gravity when allowed to drain
freely. This moisture content is reached 1 or 2 days
after irrigation in well-drained soils, Figure 1b.
PERMANENT WILTING POINT is the soil
moisture content at which plants permanently wilt.
Other terms used to describe the same general soil
moisture content are wilting coefficient and perma-
nent wilting percentage, Figure 1c.
AVAILABLE MOISTURE is the water held
in the soil between field capacity and the perma-
nent wilting point. This quantity is usually ex-
pressed in inches of water per foot of soil or in
percentage of water based on the dry weight of the
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FIGURE 1. IMPORTANT SOIL MOIS-
TURE CONDITIONS.
1a. Saturation
1b. Field capacity
1c. Wilting point
soil. Water above field capacity is also available
for plant use, and significant amounts may be used
in the time required for soils to reach equilibrium
(field capacity), following saturation by rainfall
or irrigation.
INFILTRATION RATE is the rate at which
water is absorbed by the soil. The infiltration rate
of a dry soil is usually higher at the beginning of
rainfall or irrigation. It decreases rather rapidly
for a time after irrigation or rainfall begins and
then, after several hours, becomes nearly constant.
Know the infiltration rate over the time period
required for applying normal irrigation so the
application rate can be adjusted to prevent water
waste. Infiltration rates vary from .10 inch per
hour for heavy clays to 2 inches per hour (or more)
for coarse sands.
SOIL MOISTURE TENSION expresses the
force that must be exerted to remove water from
the soil. Adhesion holds water in the soil in thin
films around the soil particles. As the soil dries,
the moisture film becomes thinner, and the water
is held with greater tenacity. Soil moisture tension
at field capacity is quite low, about one-third
atmosphere or less, while at the permanent wilting
point soil moisture tension is IOta 20 atmospheres,
with 15 atmospheres a satisfactory average for most
plants. (One atmosphere is equal to 14.7 pounds
per square inch).
SOIL MOISTURE PERCENTAGE is often
used to describe the quantity of moisture contained
in a soil, expressed as a percentage of a given weight
of dry soil. For example, a clay soil may contain
38 percent water at field capacity which means
that each 100 pounds of dry soil holds 38 pounds
of water.
Soil Moisture Storage
Solid mineral and organic material occupy 35
to 75 percent of the total soil volume. The re-
maining portion of the soil volume is pore space
occupied by air and water. A medium-textured
productive soil contains about 50 percent solid
material and 50 percent pore space. Moisture
storage in an average, medium-textured soil is
illustrated in Figure 2.
At field capacity, about one-half of the pore'
space is occupied by water. However, about one-
half of this water is held too tightly by soil particles
to be absorbed by plant roots. Thus only about
one-eighth of the average soil volume is water
available for plant use.
Water holding characteristics of the soil are
important. Clayey soils hold more water than
} PORE SPACE
FIGURE 2. MOISTURE STORAGE IN PORE SPACE OF AN AVERAGE MEDIUM-TEXTURED SOIL.
sands, since the extremely fine particles present
such a large surface area (up to 25 acres of surface
area per pound of clay) for water adsorption.
Soils with low water-holding capacity must be
irrigated more frequently with smaller amounts
of water than soils with higher water-holding
capacity.
Table I shows approximate water storage ca-
pacities for general types of agricultural soils.
Generally, irrigation water should be applied when
50 to 60 percent of the available water in the plant
root zone has been used. The time required to
irrigate the area and the stage of growth of the
plants determines how much of the stored soil
water should be used before the crop is irrigated.
Rooting depth of the crop and the type of soil
determines how much water to apply. Apply suf-
ficient water to restore soil moisture to field
capacity in the effective root zone. Applying too
much water leaches plant nutrients below the
root zone and wastes water.
Water release characteristics of the soil are
important also. The relation between soil mois-
ture tension and percent moisture in the soil is
illustrated in Figure 3. Soil moisture tension
gradually increases as water is withdrawn from
TABLE I. APPROXIMATE WATER-HOLDING CAPACITY OF SOILS
Inches of water per foot of soil
Moisture Moisture Moisture
held at held at available Water to
Soil field permanent to be replaced
texture capacity wilting point plants at irrigation*
Sands 1.0 - 1.4 .2 - .4 .8 - 1.0 .5 - .8
Sandy Loams 1.9 - 2.3 .6 - .8 1.3 - 1.5 .8 - 1.2
Loams 2.5 - 2.9 .9 - 1.1 1.6 - 1.8 1.1 - 1.3
Silt Loams 2.7 - 3.1 1.0 - 1.2 1.7 - 1.9 1.2 - 1.5
Clay Loams 3.0 - 3.4 1.1 - 1.3 1.9 - 2.1 1.3 - 1.7
Clays 3.5 - 3.9 1.5 - 1.7 2.0 - 2.2 1.4 - 1.8
*Based on application of irrigation water when 50 to 60 percent of the available water in the root zone has been used. An allow-
ance has been made for loss of 25 percent of water applied. Adjust amount to be replaced if more, or less, than 25 percent of
water applied is lost by your irrigation system.
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FIGURE 3. RELATION OF SOIL MOISTURE TENSION TO PERCENT MOISTURE IN THE SOIL.
a clay soil. However, most available water in sand
can be extracted by plants with only a small
increase in soil moisture tension.
Plant growtl1 may be slowed gradually on clay
soils, so that irrigation water can be applied
before serious growth reduction occurs. Plants
growing in sandy soils may show sudden wilting
and growth reduction, reqUInng careful observa-
tion and water management to prevent serious
crop yield losses.
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